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P. O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 



On April 27, 2006, Appellants appealed from a decision of the Examiner finally 
rejecting claims 4 to 13. Simultaneously, Appellants filed a Pre- Appeal Brief Request For 
Review followed by an Appeal Brief. Subsequently, the Examiner issued a second Final 

Rejection. What follows is Appellants Appeal Brief as required by 37 CFR §41 .37. A 

separate Notice of Appeal will be filed on even date herewith. 

I. Real Party in Interest 

The International Business Machines Corporation, the assignee of the instant application, is 
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the real party in interest in this Appeal. 

II- Related Appeals and Interferences 

There are no appeals, interferences or judicial proceedings related to the instant application or 
to the appeal of the instant application. 

III. Status of Claims 

Claims 4 to 13 are pending in this appeal and all of claims 4 to 13 have been finally rejected. 
Claims 1 to 3 and 14 to 37 have been withdrawn from consideration pursuant to a restriction 
requirement. No claims are allowed. 

A listing of the claims involved in the appeal (claims 4 to 13) can found in the Claims 
Appendix. 

IV. Status of Amendments 

No amendment was filed subsequent to the first Final Office Action, mailed January 27, 
2006, or the second Final Office Action, mailed October 3 1 , 2006, of the instant application. 

After the first Final Rejection, Appellants filed a Pre- Appeal Brief Request For 
Review. The Panel Decision indicated that there is at least one actual issue for appeal and did 
not otherwise make a decision. Subsequently, Appellants filed their Appeal Brief on August 
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11, 2006. Thereafter, the Examiner issued the second Final Rejection because "there is a 
great deal of confusion in understanding the previous final action". The present Supplemental 
Appeal Brief is in response to the second Final Rejection. Appellants will show that the 
second Final Rejection is still confusing and insufficient as a matter of law to anticipate or 
render obvious Appellants' claims. 



V. Summary of Claimed Subject Matter 

The present application relates to a method for containing metal ions in electronic 
devices which utilizes an immobile chelating agent. Conventional electronic devices use 
metal solders to interconnect electronic components. Such solders typically contain lead and 
tin. When electronic devices are discarded, the lead and tin can leach from the solder and 
contaminate the ground water. Merely capturing the lead and tin by a suitable chemical agent 
such as a chelating agent is not an entirely satisfactory solution since the chelating agent and 
captured lead and tin may together wash into the ground water. Appellants have proposed a 
solution in which the chelating agent is immobile so once the lead and tin are captured by the 
chelating agent, they stay put and will not wash into the ground water. 

There is only one independent claim. For the convenience of the Board, it is 
reproduced here as follows: 

4. (Previously presented) An electronic device having an integrated circuit with a 
composition for containing metal ions, said composition comprising: 



a matrix material; 
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a polymer which serves as an insoluble and immobile phase in said matrix material; and 
a chelating agent which is bonded to said insoluble and immobile phase. 

According to the invention, there is a composition 100 for containing metal ions 
(specification, page 6, line 10; Figure 1). The composition 100 comprises a matrix material, 
shown in Figure 1 but not separately numbered. As an example of a matrix material, there is 
shown a conventional encapsulant 410 in Figure 4 (specification page 8, lines 19-23 to page 
9, lines 1-4). The inventive composition 100 further comprises a polymer which serves as an 
insoluble and immobile phase in the matrix material. Figure 1 illustrates "a very high 
molecular weight insoluble and immobile particle 110" (specification page 6, lines 10-11). 
Original claim 1 5 recited "a polymer which serves as an insoluble and immobile phase" 
which was inserted into claim 4 in place of " a very high molecular weight insoluble and 
immobile particle 110". The specification (page 6, lines 7-12) was amended accordingly. 
The inventive composition lastly comprises a chelating agent 120 bonded to the insoluble and 
immobile phase (specification page 6, line 1 1 ; Figure 1). 

That the inventive composition 100 can be in an electronic device is described 
generally at page 8, lines 8-1 1 and shown in Figures 3 to 9 (specification pages 8-12) for 
various embodiments. 



VI. Grounds Of Rejection 

A. Claims 4 and 5 have been rejected by the Examiner under 35 USC § 1 02(b) as being 
anticipated by Berger U.S. Patent 4,030,948 (hereafter "Berger"). 



B. 



Claims 4 to 9 have been rejected by the Examiner under 35 USC § 1 03(a) as being 
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unpatentable over Raiser et al. U.S. Patent 6,700,209 (hereafter "Raiser") in view of Berger. 

C. Claims 1 1 to 13 have been rejected by the Examiner under 35 USC § 103(a) as being 
unpatentable over Raiser and Berger and further in view of Ikeda et al. U.S. Patent 5,973,930 
(hereafter "Ikeda"). 

Certain claim objections were made with respect to claims 9 and 12 and those will be 
discussed below with the rejections of claims 9 and 12. 



VII. Argument 

The Examiner has failed to establish a prima facie case in support of the existing 
§102 and §103 rejections for the reasons that (i) Berger alone does not show, and Raiser in 
view of Berger do not teach "a matrix material and a polymer which serves an insoluble and 
immobile particle phase in said matrix material" as claimed in claim 4, (ii) Berger alone does 
not show, and Raiser in view of Berger, do not teach "a chelating agent which is bonded to 
said insoluble and immobile phase" as claimed in claim 4, (iii) Raiser in view of Berger do 
not teach "wherein said package comprises an organic package and wherein said composition 
is said organic package" as claimed in claim 9, and (iv) Raiser in view of Berger and Ikeda 
do not teach "wherein said composition is said printed circuit board" as claimed in claim 12. 
Each of these will be discussed separately. 



A. Claims 4 and 5 have been rejected by the Examiner under 35 USC §102(b) as 
being anticipated by Berger U.S. Patent 4,030,948 (hereafter "Berger"). 



09/759,018 



Patent 

IBM Docket No. FIS920000310US1 



(i) Patentability of Claim 4 

Claim 4 recites a matrix material, a polymer which serves as an insoluble and 
immobile phase in the matrix material and a chelating agent bonded to the insoluble and 
immobile phase. As taught in Appellants' specification, the chelating agent is bonded to the 
insoluble and immobile phase which is included in a matrix material. This matrix material 
may be, for example, a coating, encapsulant, underfill or even an organic package. An 
element of Appellants' invention is the bonding of the chelating agent to the insoluble and 
immobile phase so that if the matrix is attacked and leached out by the environment, the 
chelating agent bonded to the insoluble and immobile phase remains to complex with metal 
ions that may leach out of metal sources within the electronic device. 

Berger teaches a coating which is admixed with a chelating agent. There is no 
disclosure in Berger for a matrix material containing a chelating agent bonded to an insoluble 
and immobile phase. 

The Examiner in the first Final Office Action states that this element (i.e., M a chelating 
agent which is bonded to said insoluble and immobile phase") is shown or taught by Berger 
wherein the immobile phase, supposedly polyimide particles, are in a matrix, also supposedly 
polyimide. This poorly formulated rationale in the first Final Office Action does not show or 
teach the above element because there is no immobile phase in a matrix. That is, polyimide 
can only be soluble within polyimide and thus is not insoluble and immobile. During an 
interview with the Examiner on April 7, 2006, however, it was determined that what the 
Examiner actually meant (but never stated in the first Final Office Action) was that the filler 
particles noted at column 9, lines 33-37, are supposedly the immobile phase. It should be 
noted that only one of these particles is a polymer and there is no indication in Berger that 
these particles are insoluble and immobile in the polyimide matrix. 
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Berger does teach a composition capable of being "...modified with chelating 
materials admixed therewith or chemically bonded thereto." (col. 4, lines 6-9) Appellants 
further learned during the interview that it is the Examiner's opinion that chelating agents in 
the composition of polyimide plus filler material allegedly show or teach the above claim 
element notwithstanding that there is no disclosure or teaching in Berger that (i) the chelating 
agents are actually bonded to the filler particles and (ii) the filler particles are an insoluble 
and immobile phase. 

In the second Final Office Action, the Examiner states that the composition of the 
electronic device comprises "a matrix material (composition, column 34, line 34-35); a 
polymer which serves as an insoluble and an immobile phase in said matrix material 
(polyimide particles in the composition are immobile in said composition as the composition 
is stable with those particles in the composition); and a chelating agent...". 

It is to be noted first, that the matrix material in the Examiner's rejection is 
unspecified and second, that the reference to "(composition, column 34, line 34-35)" must be 
incorrect since there is no column 34 in the patent. It is possible that the Examiner meant 
column 4 of Berger since lines 34-35 of Berger reference a "silicon containing polyimide 
composition". 

It is submitted that the Examiner's position is erroneous. For anticipation, each and 
every element of the claim must be taught. "Anticipation requires the disclosure in a single 
prior art reference of each element of the claim under consideration." W.L. Gore & Assocs. v. 
Garlock. Inc. , 721 F.2d 1540, 220 USPQ 303,313 (Fed. Cir. 1983). If any element is missing, 
the claim is not anticipated. In re Rovka and Martin, 490 F.2d 981, 180 USPQ 580 (CCPA 
1974). It is unknown what material the Examiner is claiming as the matrix material and thus, 
as a matter of law, the Examiner has failed to provide sufficient basis for the anticipation of 
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claim 4. Assuming arguendo that the Examiner is pointing to column 4, lines 34-35 of 
Berger, the rejection must also fail. From the paragraph bridging columns 4 and 5 of Berger, 
Berger appears to disclose a copolymer of silicone and polyimide. There do not appear to be 
any polyimide particles separate from this block copolymer and thus this embodiment of 
Berger cannot anticipate Appellants' claim 4 which requires a matrix material and a polymer 
which serves as an insoluble and immobile particle phase in said matrix material. Claim 4 
further requires "a chelating agent which is bonded to said insoluble and immobile phase". 
As there is no disclosure in this embodiment of Berger to indicate that there are any polymer 
particles, there can be no disclosure in Berger that the absent polymer particles are insoluble 
and immobile in the matrix. Assuming arguendo that the polyimide in the copolymer can 
somehow constitute particles as required by claim 4, there is no disclosure in Berger that the 
chelating agent is bonded to the polyimide and there is no disclosure that the polyimide is 
insoluble and immobile in the matrix. Claim 4, therefore, must be deemed to be not 
anticipated by Berger. 

B. Claims 4 to 9 have been rejected by the Examiner under 35 USC §103(a) as 
being unpatentable over Raiser et al. U.S. Patent 6,700,209 (hereafter "Raiser") in view 
of Berger. 

(i) Patentability of Claim 4 

The obviousness rejection of claim 4 as being unpatentable over Raiser in view of 
Berger is deficient for the same reasons that the anticipation rejection of claim 4 is deficient. 
The Examiner has failed to state a prima facie case of obviousness. 



"To establish prima facie obviousness of a claimed invention, all the claim limitations 
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must be taught or suggested by the prior art." MPEP §2 143.03. "All words in a claim must be 
considered in judging the patentability of that claim against the prior art." In re Wilson, 424 
F.2d 1382, 1385, 165 USPQ 494, 496 (CCPA 1970). 



Raiser merely discloses an electronic device and cannot otherwise supply the 
deficiencies of Berger. Berger is deficient at least in not teaching "a chelating agent which is 
bonded to said insoluble and immobile phase" as claimed in claim 4. 

As noted above, the rationale of the Examiner in the second Final Office Action was 
poorly stated but, as best understood, the Examiner is arguing that the polyimide particles are 
the immobile phase claimed by Appellants. Again, in the embodiment of Berger possibly 
pointed to by the Examiner, there do not appear to be any polyimide particles but rather 
polyimide as part of a silicone and polyimide copolymer. 

Assuming arguendo that the polyimide of the silicone polyimide copolymer can 
somehow constitute polyimide particles, there is no teaching in Berger that the polymer 
particles are insoluble and immobile in the matrix or that the chelating agent is bonded to the 
polymer particles or, for that matter, that there is any insoluble and immobile phase at all. As 
noted above, there is disclosure in Berger that the chelating agent may be admixed in the 
composition or chemically bonded thereto. However, there is no teaching that the chelating 
agent is added when there are polymer materials and, more importantly, there is no teaching 
to add the chelating agent so that it will bond to the polymer particles and, most importantly, 
there is no teaching that the polymer particles are an insoluble and immobile phase. It is 
equally likely that the chelating agent could be bonded to the matrix material according to the 
teaching of Berger. 
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It is a requirement of Appellants' invention that the chelating agent be bonded to the 
insoluble and immobile particles so that should the matrix be attacked by the environment, 
the matrix is partially dissolved but the chelating agent remains since it is bonded to the 
insoluble and immobile particles. In Berger, the coating already is impervious to moisture 
(col. 3, lines 58-59) so there is no motivation to bond the chelating agent to the polymer 
particles (assuming arguendo that there are polymer particles which are insoluble and 
immobile in the matrix). It follows that since the Berger matrix can be impermeable to 
moisture, Berger does not recognize the problem of the dissolution of the matrix or the 
solution to the problem and thus the need to have a chelating agent bonded to insoluble and 
immobile particles. "The mere fact that the prior art could be modified would not have made 
the modification obvious unless the prior art suggested the desirability of the modification." 
In re Gordon . 733 F.2d 900, 902; 221 USPQ 1 125, 1 127 (Fed. Cir. 1984). Berger could be 
modified to bond the chelating agent to an insoluble and immobile phase (again, assuming 
arguendo that Berger discloses such an insoluble and immobile phase) but since the Berger 
coating is impervious to moisture, there is no need to do so and thus there is nothing in 
Berger to suggest the desirability of doing so. Accordingly, Berger does not teach this 
element of Appellants' invention and Raiser cannot supply the deficiencies of Berger. 

For all of the foregoing reasons, it is submitted that the combination of Raiser and 
Berger cannot render obvious Appellants' claim 4. 



(ii) Patentability of Claim 9 

It is not clear why the Examiner is objecting to the wording of claim 9. It was thought 
that in the interview of April 7, 2006, with the Examiner, the Examiner's concern with the 
wording of claim 9 was cleared up. Evidently not. In any event, Appellants assert that the 
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wording is sufficient as written and does not need correction. The novel composition of the 
present invention is the organic package and this is clearly recited as claim 9. 

Turning to the rejection of claim 9, Raiser in view of Berger do not teach "wherein 
said package comprises an organic package and wherein said composition is said organic 
package" [emphasis added] as claimed in claim 9. 

In the rejection of claim 9, the Examiner stated in the Final Office Action that Berger 
in figure 5 discloses a substrate made of resin and the composition 1 60 (containing the 
chelating agent) is contained within the package. Raiser clearly does not teach the above 
element as Raiser merely discloses an electronic device. 

Appellants submit that the Examiner's position is erroneous. The disclosure in Berger 
is for a coating 160 which is on the organic package. Claim 9 requires that "said composition 
is said organic package" not that the composition is on the organic package. While the 
Examiner may argue that the coating 160 forms a part of the organic package, it is not the 
organic package per se as claimed by Appellants in claim 9. Therefore, Berger cannot teach 
this element of Appellants' claim 9 and since Raiser cannot otherwise supply the deficiencies 
of Berger, the Examiner is deemed to have failed to state a prima facie case of obviousness 
with respect to claim 9. 



C. Claims 11 to 13 have been rejected by the Examiner under 35 USC §103(a) as 
being unpatentable over Raiser and Berger and further in view of Ikeda et al. U.S. 
Patent 5,973,930 (hereafter "Ikeda"). 

(i) Patentability of Claim 12 
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Again, it is not clear why the Examiner is objecting to the wording of claim 12. It was 
thought that in the interview of April 7, 2006, with the Examiner, the Examiner's concern 
with the wording of claim 12 was cleared up. Evidently not. In any event, Appellants assert 
that the wording is sufficient as written and does not need correction. The novel composition 
of the present invention is the printed circuit board and this is clearly recited as claim 12. 

Turning now to the rejection, Raiser in view of Berger and Ikeda do not teach 
"wherein said composition is said printed circuit board" as claimed in claim 12. 

In the Final Office Action, the Examiner applied the same rationale for the rejection 
of claim 12 as was applied for the rejection of claim 9. Raiser and Ikeda clearly do not teach 
the above element as Raiser merely teaches an electronic device and Ikeda merely teaches an 
electronic package with underfill. 

Appellants' remarks applicable to the patentability of claim 9 are equally applicable 
to the rejection of claim 12. That is, the disclosure in Berger is for a coating 160 on the 
organic package but Berger does not teach "wherein said composition is said printed circuit 
board". Accordingly, Berger cannot teach this element of Applicants' claim 12 and since 
Raiser and Ikeda cannot supply the deficiencies of Berger, the Examiner is deemed to have 
failed to state a prima facie case of obviousness with respect to claim 12. 
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VIII. Summary 

In view of all of the preceding remarks, it is submitted that claims 4 to 13 are in 
condition for allowance, that the Examiner's various rejections of claims 4 to 13 are 
erroneous and reversal of the Examiner's decisions is respectfully requested. 



International Business Machines Corporation 
Zip 482 
2070 Route 52 

Hopewell Junction, NY 12533 
Fax No. (845) 892-6363 



Respectfully Submitted, 



Eric V. Kline 
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CLAIMS APPENDIX 

4. An electronic device having an integrated circuit with a composition for containing metal 
ions, said composition comprising: 

a matrix material; 

a polymer which serves as an insoluble and immobile particle phase in said matrix 
material; and 

a chelating agent which is bonded to said insoluble and immobile particle phase. 

5. The electronic device according to claim 4, wherein said composition is a scratch coat 
covering an active surface of said integrated circuit. 

6. The electronic device according to claim 4, further comprising: 

a package, to which said integrated circuit is bonded. 

7. The electronic device according to claim 6, wherein said composition is an encapsulant 
which is deposited over substantially an entire surface of said integrated circuit and between 
said integrated circuit and said package. 

8. The electronic device according to claim 6, wherein said composition is an underfill 
which is deposited between said integrated circuit and said package. 
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9. The electronic device according to claim 6, wherein said package comprises an organic 
package and wherein said composition is said organic package. 

10. The electronic device according to claim 6, further comprising: 

a printed circuit board to which said package is bonded. 

1 1 . The electronic device according to claim 1 0, wherein said composition is an underfill 
which is deposited between said package and said printed circuit board. 

12. The electronic device according to claim 10, wherein said composition is said printed 
circuit board. 

13. The electronic device according to claim 10, wherein said composition is a conformal 
coating which is deposited over said integrated circuit, said package and said printed board. 
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A copolymer which is the reaction product of a tetra- 
carboxylic acid dianhydride, and organic diamine and a 
di(aminoalkyl) poly siloxane where the di(ammoalkyl) 
poly siloxane constitutes 18-45 mole percent of the 
total amine requirement of the polymer and is applica- 
ble as a conformal protective coating for electronic 
devices. 
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POLYIMIDE CONTAINING SILICONES AS 
PROTECTIVE COATING ON SEMICONDUCTOR 
DEVICE 

BACKGROUND OF THE INVENTION 
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1 . Field of the Invention 

This invention relates to conformal protective coat- 
ings for electronic devices and, in particular, to a co- 
polymer which is a reaction product of a tetracarbox- 
ylic acid dianhydride, a diamine and a di(aminoalkyl)- 
siloxane. 

2. Description of the Prior Art 

A semiconductor device which exhibits an undesir- 
able resistance to reverse biasing breakdown often has 
been found to have detrimental leakage currents exist- 
ing on selected surface areas during operation of the 
device. The leakage currents arise from the mobility of 
ions which are formed from ions of adsorbed mole- 
cules. 

Heretofore, prior art methods to correct such defi- 
ciencies provided a means for protecting selected sur- 
face areas of electrical devices, in particular, exposed 
end portions of P-N junctions of a semiconductor de- 
vice, with an electrically insulating material such, for 25 
example, as silicon oxide, silicon nitride, aluminum 
nitride and the like. Such materials are provided as a 
thin layer of a coating material on the selected surface 
area and have virtually no resistance to mechanical 
abrasion and require relatively expensive processing 30 
techniques and equipment. In many instances a second, 
and thicker, layer of coating material is disposed on the 
layer of electrically insulating material to provide a 
suitable abrasive protective means therefor. Silicone 
varnishes, rubbers, resins and the like are employed as 35 
the overcoating material but often lack suitable physi- 
cal characteristics. Often these silicone materials re- 
quire two components which must be mixed together, a 
catalyst to aid in curing, extensive curing times up to 24 
hours and more, and chelating agents admixed therein. 

Improvements have been made such, for example, as 
provided by Shaw in his U.S. Pat. No. 3,615,913. How- 
ever, the improved material lacks desirable adhesion 
and electrical properties required for some electronic 
device applications. 

in a series of U.S. patents including U.S. Pat. Nos. 
3,325,450 and 3,740,305, Holub teaches a Ter- 
Polymer System consisting of a Diamino Siloxane, an 
organic diamine and a Tetracar boxy lie Acid Dtanhy 



ylic acid dianhydride, a diamine and a di(aminoalkyl) 
siloxane. 

Other objects of this invention will, in part, be obvi- 
ous and will, in part* appear hereinafter. 

Summary of the Invention 
In accordance with the teachings of this invention, 
there is provided a reaction product of a tetracarbox- 
ylic acid dianhydride, a diamine and a di(aminoalkyl) 
polysiloxane wherein the polysiloxane diamine consti- 
tutes from 18 to 45 mole percent of the total diamines 
in the copolymer. The copolymer has recurring struc- 
tural units of a block copolymer of the formulas; 
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and a random polymer of the formula: 
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wherein: 

R is a divalent hydrocarbon radical: 
R' is a monovalent hydrocarbon radical wherein each 
*® R' may be the same radical or a different radical from 
the others; 
R" is a tetravalent organic radical; 
Q is a divalent organic radical which is a residue of an 
organic diamine; 
x is an integer having a value of from 1 to 10; 
m is an integer greater than 1 and 
tz is an integer greater than 1 . 
p is an integer greater or equal to 0. 
The ratios of the recurring units designated by m, n, 
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dridc are disclosed. In these patents the combinations ^50 , ... 
of the Diamino SUoxanes with the organic diamine ? 316 such *» 1 uanUt >' of sll,cone * amme m 



varied between the two extremes in conjunction with 
molar quantities of Tetracarboxylic Acid Dianhydride. 
It is not apparent from the teachings of these patents 
that any specific combination of components would be 
more effective coating materials over and beyond their 
direct relationship to either the 100% polyimide or 
100% polysiloxane terminal component. 

It is an object of this invention to provide a new and 
improved conformal coating suitable for use on elec- 
tronic components. 

Another object of this invention is to provide a poly i 
mide-stloxane copolymer material for use as a confor- 
mal coating on electronic components wherein the 
copolymer contains from 1 8 to 45 mole percent of the 
silicone diamine. 

Another object of this invention is to provide a co- 
polymer which is a reaction product of a tetracarbox- 



the total polymer constitutes from 1 8 to 45 mole per- 
cent of the total diamines in the polymer. The material 
is particularly suitable for the application of conformal 
55 coatings thereto to improve the operating characteris- 
tics of semiconductor and other electrical devices. The 
copolymer is a suitable conformable protective and 
dielectric coating for electronic devices such, for exam- 
ple, as semiconductor devices having at least one P-N 
50 junction exposed in a surface area thereof, thick and 
thin films circuits, printed circuits, faces of cathode ray 
racuum tubes, high voltage leads and connections to 
cathode ray vacuum tubes and the like. 

DESCRIPTION OF THE DRAWINGS 

FIGS. 1 through 5 are views, in cross-section of elec- 
tronic devices made in accordance with the teachings 
of the invention. 
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When a material is not capable of inherently exhibit- 

DF.SCRIPTION OF THE INVENTION mg the above desired characteristics, it must be capa- 

„ * ■ ..Fir 1 there is shown a semicon- We of being modified to achieve the desired end result. 

Referring now to FIG. 1, there is shown a sem _co ^ ^ ^ metai rons cause 

doctor element 10 embodying any one of ^the nwd ^crirabte degradation of electrical properties of 

conformal coating matenals ^.^TZlI^I^ "mS>nduc«nr devices. Therefore, the material of the 

ment 10 is comprised of a body 12 of single crystal semieo modified with chelat- 

semiconductor material. A suitable **^ dl £* r aSmrTed therewith or chemically bonded 

material for comprising the body 12 may be sdicon, mgma application to the surface to be pro- 

sihcon carbide, germanium, gallium arsenide a com- ^^J^^^bly short curing times must still be 

pound of a Group HI element and a Group V e ement .0 ^^^nTpar^cXy when the coating 

l^^o^LS^^^ ^jj^zzzz? raaDUfecturi,,g of 

rrtmorised of sUicon semiconductor matenal. 15 opaque,it&«ioic UW ua . t . , 

^e^y 12 prepared by suitable means, such, for translucent. Such a material if, retanung^ * 

.To^ ^^^^^ 

!te 'toe conductivity. A P-N junction 22 is formed by 20 ductor dev.ce and be capable of turning the device 
Z c^^Saces of each abutting pair of regions "on" and "off" in response to the operation of the hght 
of opposite type conductivity. End portions 24 of the emitting diode. 

PNiSnMare exposed in the surface area of the Normally the presence of alkali metal contaminants 

P-N junctK>n ZZ are exposed in me ^ on the surface of devices to be coated, or 

^Afirst electrical contact 26 is affixed to, and is in an 25 in the coating materials, creates surface current leak- 

elecSvconXtive relationship with, the region 18 age in the device that limits their useful operatK^To 

t^^M^M^ electrically conductive solder circumvent these difficulties chelating agents such as 

™terial Ase«>nadectrically conductive contact 30 is alizirin, catechol and the hke are mechanically ad- 

aff«eTto tnTSottom surface 16 of the body 12 by a mixed with the coating material before being applied 

£ 3 ofa suitable electrically conductive solder 30 to, and cured on the device ^^ Ho ™™™™£ 

material. The electrical contacts 26 and 30 provide formity of mixtures result mhazy films, loss^h^ 

m eans for electrically connecting the element 10 into sion, etc. making alternate treatments highly desirable 

electrical circuitry. When required, the contacts 26 and for prevention ofsurface leakage of devices. 

30 should exhibit good thermal conductivity properties I have discovered that silicone containing polyimtfe 

as well in order to dissipate any heat generated in the 35 compositions wherein the silicone diamine constitutes 

body 12 particularly irThigh voltage, high ampera from 18 to 45 mole percent of the total a^e present 

power devices^ therein. Preferably from approximately 28 to about 32 

One or more layers 34, as required, of an electrically mole percent of the total amine in the material product 

insuiarina coating is disposed on at least selected sur- produces coatings which upon curing on the on the 

face areas 36 of the body 12 wherein the end portions 40 surface of the semiconductor device results in very low 

24 or P-N junctions 22 are exposed thereat. Preferably, leakage current so that additional additives are not 

it is desirable to apply the material layer 34 to all ex- required. Furthermore, if the silicone famine molar 

posed surface areas of the body 12. The material of the ratios fall outside the range of from 18 to 45 mole 

laver34 comprises one of the novel conformal coating percent leakage currents increase considerably so that 

materials to be described heretoatter. 45 additives once again become a necessity. The resulting 

A conformal protective coating material suitable for leakages are still unacceptable even when such addi- 

use with electric devices must have several desirable tives are used. 

physical characteristics. The material must be one The beneficial effect of low leakage current within 

which can easily be applied and cured in place. The the scope of my invention is achieved without loss of 

material must not degrade, but should preferably en- 50 other desirable properties such, for example, as adhe- 

hance the electrical characteristics of the device to sion, anticorona properties, high temperature proper- 

which' it is applied. The material should adhere very ties and the like of the resulting coating material. Unex- 

tenaciously to the surface to which it is applied to pre- pectedly, the narrow range of silicone diamine compo- 

vent migration of ions on the surface of the device, sitions of this invention achieve such beneficial effects, 

particularly when employed with semiconductor de- 55 It is not obvious to those skilled in the art that such a 

vices and should not release any materials during a beneficial effect would be obtained by the use of the 

curing cycle which are deleterious to the operating narrow ranges of silicone compositions described 

characteristics of the device. The coating should be above. Other beneficial results derived from the use of 

impermeable to moisture and exhibit good abrasion these polymer compositions are as follows: sharp 

resistance when cured to protect the surfaces to which 60 breakdown voltage (approaching theoretical perform - 

the coating is applied. ance of devices) increase adhesion to a wide variety of 

The material should also be capable of being applied substrates, extremely high temperature performance 

in multiple layers to provide a thick coating when re- outstanding barrier properties to moisture and other 

quired. Therefore, the material must be able to bond gases, unusually high corona resistance, strong coher- 

well to itself. Should the electronic device be employed 65 ent films resistant to scratching and mamng and the 

in circuitrv where corona is a problem, the material like. . 

mus cle ^ exhibit good corona resistance when I have discovered that the above described desirable 

must De aoie to exmou g characteristics are achieved by the reaction product of 
cured. 
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a tetracarboxylic acid dianhydride, a diamine and a 
di(ammoalkyl) suoxane. The reaction product is a co- 
polymer which has, depending on the modes of mix- 
tures employed, the recurring structural units of a 
block copolymer of the formulas: 
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and a random polymer of tbc formula: 



O O R* 

H II 1 

~NH — C — R C — NHR Si" 

/ \ 1 

HOC COH R' 

It II 

o o 



wherein R, R', R", Q and x have the same meanings as 
described heretofore. 

The di(aminoalkyl) polysiloxanes of formula (4) 
which may be used in the practice of the present inven- 
tion are limited in that when jc is 10 or more they lose 
their adhesive properties and, consequently, x prefer- 
ably equals 1-9. The following formulas are descriptive 
of those di(aminoalkyl) polysiloxane compounds which 
may be included in the reactive ingredients to make the 
new copolymer: 



R* 

I 

-St" 



20 



25 



CH, 

H*N — (CH 3 ) 3 — Si— O- 
CH, 



CH, 

"Si — <CH,V*~NH* ; 



30 



3S 



40 



wherein: 

R is a divalent hydrocarbon radical; 

R' is a monovalent hydrocarbon radical wherein each 
R' may be the same radical or a different radical from 
the others; 

R" is a tetravalent organic radical; 

Q is a divalent organic radical which is a residue of an 
organic diamine 

jc is an integer having a value of from 1 to 1 0; 

m is an integer greater than 1 , and 

it is an integer greater than 1 . 

p is an integer greater than or equal to 0. 
The recurring units designated by m, n, and p are such 45 
that the quantity of silicone diamine in the total poly- 
mer constitutes from 1 8 to 45 mole percent of the total 
diamines the polymer. 

The copolymers of the invention are prepared by 
reacting a mixture of chemical ingredients which is s 
composed of a di(aminoalkyl)polysiloxane of the gen- 
eral formula: 



CH* CH, 

NH*— (CH,) 4 — Si— O— Si— (CH,).,— NH, ; 

CH, CH, 

C.H, C.H a 

NH,~ (CKOa - Si— O— Si— (CH,),- NH, ; 

C»H, C.H a 

CH, CH, 

NH,— (CH, ),— St— O — Si— C.H,— 

CH, CH, 

CH, CH, 

— Si— O— Si— (CH*)*— NH, ; 
I I 
CH, CH, 

CH, CH, 

H,H"~C,H« — Si — O— Si — C,K»— NH, ; and 

CH, CH, 

CH, CH, 

H,N— (CH,) 4 — Si— O — St—CCH,)* NHi 

C»Hi C«H, 



<7> 



(9) 
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H,N— R— Si- 
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a diamino compound having the general formula: 



H 

•Q— N . 
H 



a tetracarboxylic acid dianhydride having the formula: 



Other suitable di(aminoalkyl) siloxane compounds 
may also be included as one of the reaction ingredients. 
Diamines of formular (5) are known in the prior art 
(4) 55 and many of them are commercially available. Suitable 
diamines for use as one of the reaction mixture are as 
follows: 

m-phenylenediamine; 
p-phenylenediamine; 
60 4,4'-diaminodiphenylpropane; 

4,4'-diaminodiphenylmethane; benzidine; 
4»4'-diaminodiphenyl sulfide; 
4,4 r -diaminodiphenyl sulfone; 
4,4' diaminodiphenyl ether, 
65 1,5-diaminonaphthalene; 
3*3 '-dimethylbenzidine; 
3,3 '-dimethoxy benzidine; 
2,4-bis(jS-amino-t-butyl )to!uene; 



(5) 
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bi^p-^ino-t-butylphen^ether; Aeir commonly known designation to parentheses, are 

*;„J1S dianhydride (PMDA); 
! ,3-d ! a m mo-4- C opropylbcnzci,e ( W tetracarboxyB c dianhydride; 

|>b«(3-anunopropoxy)ethane. I:3',4,4'i P hen y l tetracarboxylic acid dianhydride; 

m-xylylenediamine; t 2 5 ^ n j^png tetracarboxylic acid dianhydride; 

p-xylylenedramine; 2 V',3,3'-diphcnyI tetracarboxylic acid dianhydride; 

b^^ammocyclohexynmethane, 2 2-bis( 3, 4-Wboxy phenyl )propane dianhydride; 

<lecainethylenediamine; 2,2-bisC4,4'-di[3,4-dicarboxyphenoxy}phenyl)propane 
3-methylheptamethylenediaimne; dianhydride- 

4,4^in.ethylh«ptamethylen e diamme; bis(3,4-dicarboxyphenyl) sulfonc dianhydride; 

2,ll^odecanediamine; benzophenone tetracarboxylic acid dianhydride 

2,2-dunethylpropylenediainine; (BPDAV 

octamethylenediamine; perylene r,2,7,8-tetracarboxylic acid dianhydride; 

3-meUK.xyhe^ethylenexhamine; bi S (3,4^icarboxyphcnyl)ether dianhydride, and 

^ "^^^'r^Tn; bis 3 4^icarboxy^h e ny. methane dLhydride; 

2,S^.meU, y lheptamethylen e dia m me, Alternately acyclic or cyclic aliphatic anhydrides 

3-methy teptameftylened.am.ne, for ^ ^ ^ ^^^boxy,*; acid 

5- methylnonamethylened.amme, dianhydride, cyclohexane tetracarboxylic acid dianhy- 
1,4-cyctohexanediam.ne; ^ butane te^^^y,*. acid dianhydride, and the 
1 , 1 2^tadecaneaiamine, uke ^ ^ ^j^g for ^ m ^ prcsent invention. 
bK^™nopropyl)sulfide; ^ , „ of (fc invention are solu- 
N-methyUbe^ammopropyUamme; bfe m ^ diluted ^ materials for the 
hexamethylenediamine; application of the material to surfaces of electronic 
heptamcAylenediamme; 25 devices . The application of the material to the surface 
nonamethylencAammc; be painting on the material, spraying, dipping and 
In add.bon, matures of the above du.rn.nes may also be ^J^^ ^eans of application may be used which 
employed. , , . will ensure the complete coverage of the surface to 

It should be noted that these diamines are given whicfa it ^ ^ Suitable solvents and diluents are, 
merely for the purpose of iHusfration and are not con- examp i£ N-metbylpyrrolidone, N-NHdime- 

sidered to be all inclusive. Other ^^^^^ thylacetamide/ N,N^e&rmamide, tetrame- 
uoned will readily be apparent to those skilled m the bexamethylphosphorous triamide, dimethyl- 

ar L .... , , . . , sulfoxide, and the like. 

The tetracarboxylic acid dtanhydndes of formula (6) The , materi als of this invention are suit- 

may be derived from or contain, either an aromatic, 35 ab]e fof ^ on of selected, glass, ceramic, 

acrylic or cyclic aliphatic carbon radical Therefore of ^ c ^ ^ ic materials the like. Suitable 
the tetracarboxylic acid dianhydrides of formula (6) 0 ic material surfaces are those of such, for exam- 
may further be defined in that R is a tetravaJent radi- * ^ ^ lastic materia js. Suitable thermoplastic 
cal derived from, or containing, an aromatic radical materials ^eZch, for example, as a polytmide, a poly- 
containing at least 6 carbon atoms characterized by 4Q ester a polycarbonate, a polyamide and the like. The 
benzcnoid unsaturation, wherein each of the 4 car- copoIyroers c f this invention also show excellent 
bonyl groups of the dianhydride are attached toa sepa- bonding to fibrous materials comprising such, for ex- 
rate carbon atom in the tetravaJent radical. The car- ^ M thosc of gjass, boron, quartz, car- 
bonyl groups are in pairs and the carbonyi radicals m ^ ^ ^ {ike> m well ^ to ck)ths embodying the 
each pair are attached to adjacent carbon atoms of the 45 mc ^^3^ The novel copolymer materials are also 
R" radical or to carbon atoms in the R radical at most for achieving a good adhesion bond to finely 
one carbon atom removed, to provide a 5-membered or faMed materials such, for example, as metals, carbon, 

6- membered ring of one of the following formulas: quartz, and ceramics such, for example, as alumina, 

benzelene and the like. 
< J3 > 50 After application of the con formal coating material 
to the surface area of the body 12, it is cured in situ. A 
recommended curing cycle is to heat the element and 
applied coating material slowly to a temperature just 
(14> below the boiling point of the solvent in the coating. A 
55 period of about 30 minutes at this temperature is pre- 
ferred in order to volatilize the solvent as much as 
possible without causing the formation of bubbles in 
0 (t5> the coating material. The temperature may be then 

/ \ increased approximately 50° C to reach a level which is 

0~c c=o 60 above the boiling point of the solvent. It is held at this 

q c higher temperature for about 30 minutes to eliminate 

# X / ^ substantially all of the solvent and to increase the imidi- 

zation of the materials of the coating. A further curing 
step at an elevated temperature about 50° C higher 
65 than before for about 30 minutes is followed by an 
Illustrative of such tetracarboxylic acid associated additional curing step practiced at a temperature of 
with an aromatic carbon radical dianhydrides which about 50° C higher for sufficient time to complete 
are suitable for use in the present invention, along with about a 3 hour curing cycle. This procedure has been 
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9 a. „»™ rWrable con- The novel siloxane containing polyimides of this in- 
found to be sufficient to produce a -very doable con Qf ^ of h . 
fonnable coating for the element 10. A J; unn 8 ^ d ^ as a protective coating for semicon- 
cycle for the copolymers of this mvenUon is (about 30 ^ nts S> embo 5 m a « moat " type isolation 
Minutes at 150° 0*0° C, ^^^^ 5 J^e. Moats or grooved are suitable for use in high 
C±\V C. about 30 minutes at 25 ® ttlO C and I 30U y semiconductor elements wherein current eak- 
CfclO- C for the remainder of a 3 age which occurs at exposed end portions of P-N mnc- 
When cured in situ, the conformal coating compr^es age controUe{L As shown with reference to 
a polyimide of the structure described heretofore. The Uons must transistor 100, the end 
layer 34 of cured coating materia 1 adheres tenaciously rfp^^cti™ 102 formed by the abutting 
to the silicon surface upon which ,t «s Asposed. The ^ ^-region 104 and the P-region 106 must 
cured coating material is impervious to mature and s^fac« ofdie ^ coat.ng. 
gases such, for example, as oxygen and nitrogen. The oe * ti comprise one or two 
cured material has excellent abrasu>n stance prop- The P™^' coa ^ y P^ ^ ^ ^ 
erties to protect the dc m ent, coror^ res^ce and ^J 0 */^™ from , each other . The material of 
dielectric strength. The exceUent adherence to the « • , e m ^ ^ of thc materials 
surface apparently is respons.ble for a s^rf c^tre, ^^d heretofore relative to the layer 34 of the 
auction in current leakage on the surface of the body <^"^ ner ^ d 5 „ of F1GS , ^ 2 respectively. 
12 and particularly in the vicing of the end portions ^ » ^ * ^ compr £e one of 
24 of the P-N junction 22 exposed in the surface of the ^ ^f^^,^^^ mater ials comprising the 

^Lectric strength of the cured material ofthe ^ laycr l0 8 of dielectric 

layer 34 may be further enhanced by adm«mg suitable J^c^c^ting materi ^ is i„ deposited in a 

fiUer materials therein. PreferaMy, an electncaHy msu- ^o7«ooteTl4 employed to control leakage across 
lating material havrng a dielectnc constant • » 25 ^^^tions of the P-N junction 102 exposed 

TSS^SS^^^^t^ "-in. cSter , it is easier to fVthe groove by "painf 

^e^fasTK^ar^ '"^^ 

^tant^^^Xt of the rTterial of the layer sample as ftbergte^ phenohc resin or malamme resin 

constant is rugner ^ L _ . impregnated cloth and the like A first electrically con- 

34. Suitable electrically insulating fttler n^enals have « on a Jected 

been found to mclude alummim ox«le, s d,^n ox.de, ^ £3 152. A second 

glass fibers, boron mtr.de. quam mica, magnesium J5 P°j£°£° y^^e ^ circui , 158 is disposed on 

oxide, activated polytetrafluoroethylene , and the like, eiecrric<uiy ^.oiiuus-uiyc vmv ,.-J;„ 

. J , " »T , „ V_ another portion of the surface 156 and overlies, in part, 

mafmelyd.vKled.orapuIverr^form. a portion of the circuit 1 54. The material of the circuits 

^^^^^SZ^^ 40 * ^yer 160 of a suitable conformal coating material 

IfZ layer 34 has an inherent f^fS? ^ S^Z&^SSS *d££Z?h££ 

repeated cycling from d.pping ,n ] %" d Z^™*™^ fore, is disposed on at least the circuit 154. When cured 

ature ranges of approximate^ -100- C to heating . m a ^ thrmaterial of the layer 160 shows excellent 

furnace at approximately 300- C and ba^ mto a Uquid ' ft 152 the material of the 

gas for a temperature excursion ' ™^^eria£ 45 circuit 154. The metal of the layer 158 adheres wen to 

or more. Additionally. I have found the cured materials conformal coating material and is electrically 

of the laver 34 to withstand short temperature excur- u^iuniu»i«.i»»i ™1 e . 

. y «r tf v>^.„:,i.^.,r / i„~ariatinn r>f isolated thereby from the metal circuit 154. 

sions up to about 4O0 to £00 C without^gradation of foUowin ^ examples are illustrative of the teach- 

the electrical characteristics of the element 10. ;„™h~,. 

The material of the layer 34 may also be applied over 50 m & of th,s mventK>n - 

electrically insulating layers of silicon oxide, silicon EXAMPLE I 

rAride, alummumnitride and Polyimide Containing 30 Mole Percent SUicone 

FIG- 2, there is shown an element 50 which is an alter- J b 

nate embodiment of the element 10. All items denoted A mixture of 163 parts by weight of n-methylpyrroli- 

by the same reference numbers are the same, and tunc- 55 done, 13.86 g (0.07 Mole) 4,4' iTiethyIenediaiiiline, 

tion in the same manner, as the corresponding item in 8.28 g (0.03 mole) l r 3-bis(5-aminobutyl) tetramethyl- 

FIG. 1. disiloxane was charged to a reaction flask flushed with 

The element 10 is modified by the deposition of a nitrogen. The reaction was stirred until a homegenous 

Iyer 52 of an electrically insulating material on at least mixture was reasonably assured. To the mixture was 

the exposed end portions of the P-N junction 22 and go then added 32.22 (0.1 mole) benzophenonc tetracar- 

tbe adjacent surface areas of the body 12. The layer 52 boxy lie acid dianhydride while the mixture was contin- 

mtnimizes the current leakage across the exposed end ually agitated. The agitation was continued until a ho- 

portions. The material of the layer 52 is one selected mogeneous viscous fluid was obtained in approximately 

from the group consisting of silicon oxide, silicon ni- four hours to assure that the reaction had been com- 

tride and aluminum nitride. One of more layers 34 of a 65 pleted. 

filled or an unfilled coating material of this invention is A sample of the fluid was disposed on a surfece of a 

disposed over at least the layer 52 to protect the integ- glass slide. Curing was achieved by heating the coated 

rity of the electrical properties of the element 50. slide for Vfe hour at 1 50° C±5° followed by 10 mmutes at 



11 

250° C±5° C. The resulting film coating showed excel- 
lent adherence to the glass surface and exhibited excel- 
lent abrasion resistance when abraded by a spatula. 

The coated slide was immersed in boiling water for 8 
hours. The coated slide was then removed, cooled to 
room temperature, and dried. No degradation m adher- 
ence or abrasion resistance was observed. 

EXAMPLE n 
Polyimide Containing 30 Mole Percent Silicone 

A polyimide containing 30 mole percent silicone was 
prepared in the same manner as in Example I and was 
applied to the junction of a power transistor and leak- 
age was tested for under reverse bias conditions. An 
unusually low leakage (less than 1 Nano amp) and a 
very sharp breakdown voltage was observed. 

EXAMPLE HI 

Polyimide Containing 10 Mole Percent Silicone at 25% 
Solid Concentration 
A slurry containing 2.76 parts of bis(S-aminobutyl) 
tetramethyldisiloxane and 17.82 parts methylenediani- 
iine in 159 parts by weight of n-methylpyrrolidone was 
maintained under a nitrogen atmosphere and a temper- 
ature of rom 0° to 5° C by an ice bath. Vigorous stirring 
was maintained and 32.2 parts benzophenone tetracar- 
boxylic dianhydride was added. The ?J 



w*J»"» J — , 

stirred vigorously for an additional two hours after the 
addition. The ice bath was removed and the reaction 
was allowed to continue, being vigorously stirred over- 
night (8 hours) at ambient temperature. A clear yellow 
viscous solution was thus obtained. 

A cured film showed marginal adhesion to the sur- 
face of a glass slide and under boiling water peeled off 
after a period of 3 hours. 
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EXAMPLE V 
Polyimide Containing 30 Mole Percent Silicone 
Derived From Pyromelitic Dianhydride 
5 The procedure of Example I was followed in that to a 
slurry consisting of 7.44 parts bb(Sammopropyl) tet- 
ramethyldisiloxane, 7.56 parts m-Phenylene diamine 
and 1 U parts N-Methylpynolidone under N, and vig- 
10 orously stirred with cooling in an ice bath was added 
218 parts pyromeUtic anhydride. Upon complete 
soluction, the ice bath was removed and the clear vis- 
cous solution stirred for an additional 6 hours. 
A sample of the prepared solution was applied as a 
15 coating on an exposed portion of a P N junction of a 
power transistor and tested for leakage current under 
reverse bias conditions. Readings obtained were of the 
order of 5 Nano amps, again illustrating excellent elec- 
20 trical properties of such coating materials. Excellent 
adhesion, abrasion resistance and resistance to the 
eight hour boiling water tests were achieved. 

Standard test samples were prepared for each of the 
above copolymers of the Examples and subjected to 
standard corona testing as mentioned by the industry. 

The prior art copolymer of silicone free polyimides 
failed after approximately 50 hours average testing 
time for the samples of the conformal coating material 
mixture was 3 0 submitted for testing. This indicated that the prior art 
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material was equivalent to mylar for corona resistance. 

The conformal coating materials of this invention 
were found to be approximately 40 to about 60 times 
better than mylar when tested for corona resistance. 
35 What I claim is: 

1. A semiconductor element comprised of a body of 
semiconductor material having at least two regions of 
. opposite-type semiconductivity and a P-N junction 

r^le of the prepared matenal was coated on an „ disposed between each pair of regions of opposite type 



45 



50 



exposed end portion of a P-N junction of a power tran- 
sistor and tested for surface leakage under reverse bias 
conditions. The leakage current readings were of the 
order of from 200 to 300 Nano amps and the results 
contrasted sharply to those coated with material con- 
taining 30 mole percent silicone diamines. The material 
of this example was not acceptble for semiconductor 
applications. 

EXAMPLE IV 
Polyimide Containing 45 Mole Percent Silicone 

As in Example H the combination of 12.42 parts 
bis(5-aminobutyl) tetramethyldisiloxane and 10.89 
parts of methylenedianiline in 165 parts of N-Methy) 
pyrrolidone with 32.2 parts benzophenone tetracid 
dianhydride with cooling and stirring produced a vis- 
cous deep amper fluid. 

A sample of the prepared fluid was coated on an 
exposed end portion of a P-N junction of a power tran- 
sistor. The applied material was cured by heating the 
coated device for % hour at 150° C±5°, followed by 2 
hours at 210° C±5° followed by % hour at 250° C±5°. 
The leakage current under reverse bias conditions was 65 
measured. The leakage current was greater than that 
measured in the example of Group I but was accept- 
able. 



semiconductivity: 
and end portion of at least one P-N junction exposed 

at a surface of the body; and 
at least one layer of conformal protective coating 
material disposed on the exposed end portion of 
the at least one P-N junction, the layer comprising 
a copolymer which is a reaction product of a tetra- 
carboxylic acid dianhydride, a diamine and a 
di(aminoalkyl) siloxane, which is a copolymer hav- 
ing recurring structural units of a block copolymer 
of the formulas: 
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and a random polymer of the formula: 



13 

-continued 

o o 
tt H 

- HN— Q— NH— C— R'^— C— NHR 

HOC COH 
tf tl 

o o 



4,030,948 



14 



R' / R'\ 
— Si-fo— Si -+R- ■ 
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wherein: 

R is a divalent hydrocarbon radical: 

R' is a monovalent hydrocarbon radical wherein each 
R' may be the same radical or a different radical 
from the others; 

R" is a tetravalent organic radical; 

Q is a divalent organic radical which is a residue of an 
organic diamine; 

x is an integer having a value of from i to 10: 

m is an integer greater than 1 and 

n is an integer greater than 1 , 

p is an integer greater than or equal to 0, 
and the recurring units designated by m, n, and p are 
such that the mole percent of silicone diamine in the 
total polymer constitutes 18 to 45 mole percent of the 
total diamines in the copolymer. 

2. The semiconductor element of claim 1 wherein the 
polysiloxane siamine constitutes from about 28 to 
about 32 mole percent of the total diamines present. 

3. The semiconductor element of claim 1 wherein the 
polysiloxanediamine constitutes 30 mole percent of the 30 
total diamines present. 

4. The semiconductor element of claim 1 wherein the 
material of the layer of the conformal protective coat- 
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ing material contains at least one electrically insulating 
material admixed therein. 

5. The semiconductor element of claim 4 in which 
the electrically insulating material is a material se- 
lected from the group consisting of aluminum ox- 
ide, silicon oxide, glass fibers, boron nitride, 
quartz, mica, magnexium oxide and activated poly- 
tetrafluorethylene. 

6. The semiconductor element of claim 1 including 
a finely divided electrically insulating material uni- 
formly distributed throughout the layer of confor- 
mal protective coating material, 

7. The semiconductor element of claim 6 in which 
the electrically insulating material is a material se- 
lected from the group consisting of aluminum ox- 
ide, silicon oxide, glass fibers, boron nitride, 
quartz, mica, magnesium oxide, and reactivated 
polytetrafluorethy lene . 

8. The semiconductor element of claim 1 including 
a layer of an electrically insulating material selected 

from the group consisting of aluminum nitride, 
silicon oxide and silicon nitride deposited on the 
exposed end portion of the at least one P-N junc- 
tion beneath the layer of conformal protective 
coating material. 
9- The semiconductor element of claim 1 including 
a layer of an electrically insulating material selected 
from the group consisting of aluminum nitride, 
silicon oxide and silicon nitride deposited on the 
exposed end portion of the at least one P-N junc- 
tion and beneath the layer of protective coating 
material. 
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(57) ABSTRACT 

An integrated circuit package that contains an underfill 
material between an integrated circuit and a substrate. The 
integrated circuit may be mounted to the substrate with 
solder bumps in a C4 process. The underfill material may 
extend from an edge of the integrated circuit a length that is 
no less than approximately 25% of the length between the 
integrated circuit edge and the integrated circuit center. It 
has been discovered that a length greater than approximately 
25% does not provide a significant reduction in the strain of 
the solder bumps. 

12 Claims, 3 Drawing Sheets 
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PARTIAL UNDERFILL FOR FLIP-CHIP 
ELECTRONIC PACKAGES 



BACKGROUND OF THE INVENTION 5 

1 . Field of the Invention 

The present invention relates to an underfill for a C4 
integrated circuit package. 

2. Background Information to 
Inlegraled circuits are typically assembled into packages 

that are mounted to a printed circuit board. The package may 
include a substrate that has solder balls or other types ot 
contacts that are attached to the circuit board. An integrated 
circuit is mounted to the substrate. The substrate typically ]5 
has routing traces, vias, etc. that electrically connect the 
integrated circuit to the solder balls. 

The integrated circuit may be connected to corresponding 
surface pads of the substrate with solder bumps in a process 
commonly referred to as controlled collapsed chip connec- 2( 
tion (C4). The substrate coefficient of thermal expansion is 
different than the coefficient of thermal expansion for the 
integrated circuit. When the package is thermally cycled the 
difference in thermal expansion may create a mechanical 
strain in the solder bumps. It has been found that the strain ^ 
may create cracks and corresponding electrical opens in the - 
solder bumps, particularly after a number of thermal cycles. 

Most C4 packages contain an underfill material that is 
formed between the integrated circuit and tbc substrate. The 
underfill material structurally reinforces the solder bumps 
and improves the life and reliability of the package. The 
underfill material is typically dispensed onto the substrate in 
a liquid or semi-liquid form. The liquid underfill then flows 
between the integrated circuit and the substrate under a 
capillary action. The liquid underfill is eventually cured into 
a solid state. 35 

The underfill process completely fills the space between 
the integrated circuit and the substrate to structurally rein- 
force all of the solder bumps. A number of techniques have 
been developed to insure that the underfill material sur- 
rounds all of the solder bumps. It is desirable to fill the space 40 
between the integrated circuit and the substrate to insure that 
gases are not trapped within the substrate/integrated circuit 
interface. The gases may escape during subsequent process 
steps, particularly if the package is heated and re-flowed 
onto a motherboard. The release of gases may cause a 4b 
delamination of the package. 

SUMMARY OF THE INVENTION 

One embodiment of the present invention is an integrated 
circuit package that contains an underfill material. The 50 
underfill material may extend from an outer edge of the 
integrated circuit towards the center of the integrated circuit 
a length L, that is no less than approximately 25% of a 
length L 2 between the edges and a center of the integrated 
circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 



Flti. 4a is a graph showing a shear strain of an outermost 
unsupported .solder bump versus an underfill percentage; 

FIG. *b is a graph showing a y-axis directional strain of 
the unsupported outermost solder bump, 

FIG. 4c is a graph showing a y-axis directional stress of 
the unsupported outermost solder bump. 

DETAILED DESCRIPTION 

Referring to the drawings more particularly by reference 
numbers, FIGS. I and 2 show an embodiment ot" an inte- 
grated circuit package 10 of the present invention. The 
package 10 may include an integrated circuit 12 that is 
mounted to a package substrate 14. The package 10 may 
further include a plurality of solder bumps 16 that are 
connected to die pads 18 of the integrated circuit 12 and 
corresponding conductive surface pads 20 of the substrate 
14. The solder bumps 16 are typically assembled with a 
process commonly referred to as controlled collapsed chip 
connection (C4). 
> The package HI may include a plurality of solder balls 20 
that are attached to the substrate 14. The solder balls 20 may 
be re-flowed to attach the package 10 to a substrate 22. The 
package substrate 14 may have routing traces, vias, etc. (not 
shown) that electrically connect the solder bumps 16 to the 
5 solder balls 20. The integrated circuit .12 may be enclosed 
by an encapsulant or heat spreader 24. 

The package 10 may include an underfill material 26 that 
is located at the interface of the integrated circuit 12 and the 
substrate 14. The underfill 26 may be an epoxy material that 
jo structurally reinforces the solder bumps 16, particularly 
when the package 10 is thermally cycled. 

The integrated circuit 12 may have a first edge 28, a 
second edge 30, a third edge 32 and a fourth edge 34. The 
underfill material 26 may extend from the edges of the 
35 integrated circuit to a center point 36 of the integrated circuit 
12. 'Die underfill material 26 may be assembled ink* the 
package 10 so that a fillet 38 is formed along the entire 
perimeter of the integrated circuit 12. By way of. example, 
ihe fillet 38 may extend from the substrate 14 to a point 
approximately one-half the thickness of the integrated cir- 
cuit 12. 

It has been found that the underfill material 26 docs not 
have to completely fill the space between the integrated 
circuit 12 and the substrate 14 to adequately support the 
solder bumps 16. FIGS. 3a-c show the shear strain, y-axis 
directional strain and y-axis directional stress of the solder 
bumps 16 at the outermost portion of the package versus a 
percentage of underfill material 26. The ouiermost solder 
bumps are identified as 16a in FIG. 2. The percentage of 
underfill material is defined as the length LI of the underfill 
26 from an edge of the integrated circuit 12 to the non- 
underfilled area, divided by the length L2 from the edge 28 
to the center point 36 of the integrated circuit 12. The graphs 
are outputs from a finite element program that calculates 
stress and strains in response to an increase or decrease in 
temperature. The program was run with the following 
parameters; 



FIG. 1 is a side sectional view of an embodiment of an 
integrated circuit package of the present invention, 

FIG. 2 is a lop sectional view of the integrated circuit 60 
package; 

FIG. 3o is a graph showing a shear strain of an outermost 
solder bump versus an underfill percentage, 

FIG. 3/> is a graph showing a y-axis directional strain of 
the outermost solder bump; *>? 

FIG. 3c is a graph showing a y-axis directional stress of 
the outermost solder bump; 
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The temperature was varied between 23 and 150 degrees ? 
centigrade. 

As shown in FIGS. 3w-c, the strain and corresponding 
stress for the outermost solder bumps is not appreciably 
reduced by increasing the percentage of underfill beyond 
approximately 25%. It has therefore been discovered that an 
underfill no less than approximately 25% is required to 2 
adequately support the solder bumps 16. At another design 
criteria, the underfill material may have a minimum cover- 
age of at least two times of adjacent die pads 18. 

FIGS. 4«-c show the shear strain, y-axis directional strain 
and y-axis directional stress for the outermost solder bumps 3 
that are not surrounded by underfill material 26. One of these 
solder bumps is identified as 16/ in FIG. 2. It being under- 
stood that the outermost solder bumps 16 o and the outermost 
unsupported solder bumps 16/ are the bumps that may have 
the highest strains and stresses. FIGS. 4a-c also show no , 
appreciable decrease in strain and stress for an underfill 
percentage greater than approximately 25%. It is believed 
that the fillet 38 along each edge of the integrated circuit 12 
provides enough structural integrity for the solder bumps 16. 
It has been discovered that the underfill material 26 does not 
have to completely fill the space between the circuit 12 and 
the substrate 14. 

The package 10 can be assembled by initially mounting 
the integrated circuit 12 to the substrate 14 with a C4 
process. Underfill material 26 may then be dispensed along 
each edge of the integrated circuit 12. The underfill material 
26 may be dispensed in a liquid, or semi-liquid form so that 
the underfill 26 flows between the integrated circuit 12 and 
the substrate 14 under a capillary action. The volume of 
underfill material applied may be such that the underfill 
percentage is not less than approximately 25%. The underfill : 
26 is cured to a solid state. The solder balls 20 may be 
attached to the substrate 14 and the integrated circuit 12 may 
be enclosed with the cncapsulant or heal spreader 24 to 
complete the package 10. 

While certain exemplary embodiments have been 
described and shown in the accompanying drawings, it is to 
be understood that such embodiments are merely illustrative 
of and not restrictive on the broad invention, and thai this 
invention not be limited to the specific constructions and 
arrangements shown and described, since various other 
modifications may occur to those ordinarily skilled in the art. 
What is claimed is: 

1. An integrated circuit package comprising: 
a package substrate; 

an integrated circuit mounted to said package substrate, 
wherein said integrated circuit includes an outer bound- 
ary; 



an underfill material having an underfill material inner 
boundary situated between said integrated circuit and 
said package substrate and substantially spaced apart 
from a center region of said integrated circuit to define 
a non-filled spaced between said integrated circuit and 
said package substrate, and an underfill material outer 
boundary extending beyond said integrated circuit 
outer boundary, wherein said underfill material occu- 
pies approximately 25% of the space between the 
integrated circuit and the package substrate, and said 
non-filled space occupies approximately 75% of the 
space between the integrated circuit and the package 
substrate; and, 
an eneapsulant disposed over said integrated circuit and 
having an eneapsulant materia! and an eneapsulant 
outer boundary that extends beyond said integrated 
circuit outer boundary wherein said eneapsulant mate- 
rial is different from said underfill material. 

2. The integrated circuit package of claim I wherein said 
underfill material outer boundary extends from said package 
substrate to approximately one-half of a thickness ot said 
integrated circuit. 

3. The integrated circuit package of claim 1 wherein said 
integrated circuit includes a plurality of die pads, and said 
underfill material inner boundary extends at least two times 
a distance between adjacent die pads. 

4. The integrated circuit package of claim 1 wherein said 
underfill material outer boundary extends from said sub- 
strate package a distance of one-half of a perimeter of said 
integrated circuit. 

5. An integrated circuit package comprising: 
a package substrate; 

an integrated circuit mounted to said package substrate, 
wherein said integrated circuit includes an outer bound- 
ary; 

an underfill material having an underfill material inner 
boundary situated between said integrated circuit and 
said package substrate and substantially spaced apart 

i from a center region of said integrated circuit to define 

a non-filled spaced between said integrated circuit and 
said package substrate, and an underfill material outer 
boundary extending beyond said integrated circuit 
outer boundary and forming a fillet at a perimeter of 
said integrated circuit, wherein said underfill material 
occupies approximately 25% of the space between the 
integrated circuit and the package substrate, and said 
non-tilled space occupies approximately 75% of I he 
space between the integrated circuit and the package 

) substrate; and, 

an eneapsulant disposed over said integrated circuit and 
having eneapsulant material and an eneapsulant outer 
boundary that extend beyond said integrated circuit 
outer boundary wherein said eneapsulant material is 

i different from said underfill material. 

6. The integrated circuit package of claim 5 wherein said 
underfill material outer boundary extends from said package 
substrate to approximately one-hall of a thickness of said 
integrated circuit. 

-\ 7. The integrated circuit package of claim 5 wherein said 
integrated circuit includes a plurality of die pads, and said 
underfill material inner boundary extends at least two limes 
a distance between adjacent die pads 

8. The integrated circuit package of claim 5 wherein said 

5 underfill material outer boundary extends from said sub- 
strate package a distance of one-halt of a perimeter of said 
integrated circuit. 



US 6,700 

5 

9. An integrated circuit package comprising: 
a package substrate; 

an integrated circuit mounted to said package substrate, 
wherein said integrated circuit includes an outer bound- ^ 
ary; 

an underfill material having an underfill material inner 
boundary situated between said integrated circuit and 
said package substrate and substantially spaced apart 
from a center region of said integrated circuit to define 
a non-filled spaced between said integrated circuit and 
said package substrate, and an underfill material outer 
boundary forming a fillet at a perimeter of said inte- 
grated circuit, wherein said underfill material occupies 
approximately 25% of the space between the integrated 
circuit and the package substrate, and said non-filled 
space occupies approximately 75% of the space 
between the integrated circuit and the package sub- 
strate; and, 
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an encapsulant disposed over said integrated circuit and 
having an encapsulant material and an encapsulant 
outer boundary thai extend beyond said integrated 
circuit outer boundary' wherein said encapsulant mate- 
rial is different from said underfill material. 
10. The integrated circuit package of claim 9 wherein said 
underfill material outer boundary extends from said package 
substrate to approximately one-half of a thickness or said 
integrated circuit. 

It. The integrated circuit package of claim 9 wherein said 
10 integrated circuit includes a plurality of die pads, and said 
underfill material inner boundary extends at least two limes 
a distance between adjacent die pads. 

12. The integrated circuit package of claim 9 wherein said 
underfill material outer boundary extends from said sub- 
' strate package a distance of one-half of a perimeter of said 
integrated circuit. 

* * * * ■* 
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[571 ABSTRACT 

A mounting structure wherein, in a semiconductor package 
mounting position on a wiring board, a package bearing 
substrate whose external size is substantially equal to or 
larger thao that of the semiconductor package and which has 
on ils upper surface pads for connection to a semiconductor 
package and on its lower surface pads for connection lo the 
wiring board is arranged, the pads on the wiring board and 
those on the lower surface of the package bearing substrate 
are connected by soldering, and the soldered junction is 
filled and fixed with an under- fill. 

9 Claims, 7 Drawing Sheets 
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MOUNTING STRUCTURE FOR ONE OR 
MORE SEMICONDUCTOR DEVICES 

BACKGROUND OF TIIE INVENTION 
The present invention relates to a mounting structure for 
one or more semiconductor devices, and more particularly to 
a mounting structure for one or more semiconductor devices 
allowing packaging in substantially tbe same size as the 
semiconductor device or devices and mulli-pin mounting in 
high density 

A conventional semiconductor device mounting structure 
is disclosed in Japanese Patent Application Laid-open No. 
Hei 4-154136. 

The mounting structure for semiconductor devices 
described in the Japanese Patent Application has a film 
carrier interposed between a bare chip and a substrate. Hie 
basic material of the film carrier is cither a ceramic, such as 
alumina or aluminum nitride, or an organic material, such as 
polyimide or Teflon. On the upper surface of the film carrier 
are arranged pads lor connection to the electrodes of Hip 
chips, and on its lower surface are pads for connection to the 
electrodes of the substrate. Junctions between the flip chips 
and the film carrier may be Au (gold) lo Au junctions, Au to 
Sn (tin) junctions or the like, and the film carrier and the 
substrate are soldered to each other. 

Generally, where a semiconductor package mounted with 
a bare chip is to be mounted on a wiring board, it is 
necessary lo match the thermal expansion coefficient of the 
semiconductor package itself and that of the wiring board, or 
where the difference in thermal expansion coefficient 
between the two is significant, it is necessary to disperse the 
stress in the junction and improve the reliability of connec- 
tion by sealing in an under-filling material or the like. 

However, ihe prior art referred to above takes no account 
of the thermal expansion coefficients of the bare chip and the 
film carrier, in order to secure the connection reliability of 
the junction between the bare chip and the film carrier, the 
basic material of the film carrier should preferably be 
aluminum nitride, whose thermal expansion coefficient is 
close to that of silicon (Si) chips* but the use of this material 
would give rise to the problem of a difference in thermal 
expansion coefficient between aluminum nitride and the 
wiring board and, if the film carrier is mounted on a printed 
circuit board having a high thermal expansion coefficient, a 
problem would arise as to the reliability of connection 
between the film substrate and the printed circuit board. 

Where a bare chip is to be directly mounted on a printed 
circuit board, it is also common to seal in an under-filling 
material between the bare chip and the printed circuit board 
to ensure the connection reliability of the junction, but in the 
event of serious enough trouble with the bare chip lo 
necessitate its replacement, the fixation with the under- 
filling material makes it prohibitively difficult to replace the 
bare chip. 

An object of the present invention is to provide a mount- 
ing structure for one or more semiconductor devices, ol 
which the external contour of the package is substantially as 
large as thai of the integrated circuit chip, and which permits 
mulli-pin connection and high-density packaging. 

Another object of the invention is lo provide a mounting 
structure for one or more semiconductor devices using a 
printed circuit board, which is inexpensive as a substrate on 
which to mount a semiconductor device and compatible with 
a large size. 

Stilt another object of ihe invention is to provide a 
mounting structure permitting ready replacement of a detec- 
tive or broken-down semiconductor device 



SUMMARY OF THK INVENTION 
A mounting structure for one or more semiconductor 
devices according to the invention uses a wiring board for 
mounting a semiconductor package, which includes a semi- 

11 conductor device, whereio a package bearing substrate 
whose external si/.e is substantially equal lo or larger than 
that of said semiconductor package and which has electrodes 
tor connection to said semiconductor package on its upper 
surface and electrodes for connection to said wiring board 

t0 on its lower surface is arranged in the position of mounting 
said semiconductor package on said wiring board; the elec- 
trodes of said wiring board and those on the lower surface 
of said package bearing subsirale are connected by 
soldering, and the soldered connection pari is filled with an 

l> under-filling material to fix said wiring board and said 
package tearing substrate together. 

Another mounting structure for one or more semiconduc- 
tor devices according to the invention is provided with a 

, 0 plurality of package bearing substrates arranged on said 
wiring board. 

St til another mounting structure for one or more semi- 
conductor devices according to the invention is provided 
with one of said semiconductor package is connected onto 
25 one package bearing substrate on said wiring board by 
soldering- 

Yet another mounting structure for one or more semicon- 
ductor devices according to the invention is provided with a 
plurality of package bearing substrates arc arranged on said 
wiring board, and one of said semiconductor packages is 
connected to one package bearing substrate by soldering. 

Another mounting structure tor one or more semiconduc- 
tor devices according to the invention is provided with a 
plurality of said semiconductor packages connected with 
35 solder bumps to one package bearing substrate arranged on 
said wiring board. 

Still another mounting structure for one or more semi- 
conductor devices according to the invention is provided 
with a plurality of package bearing substrates arranged on 
40 said wiring board, wherein a plurality of said semiconductor 
packages are connected with solder bumps to one package 
bearing substrate. 

In another mounting structure for one or more semicon- 
ductor devices according to the invention, the thermal 
~ expansion coefficient of the package substrate bearing sub- 
strate arranged on said wiring board is substantially equal lo 
Thai of said semiconductor package. 

In still another mounting structure for one or more semi- 
50 conductor devices according lo the invention, the difference 
between ihe thermal expansion coefficient of the package 
substrate bearing substrate arranged on said wiring board 
and that of said semiconductor package is not more than 
50% of the thermal expansion coefficient of said semicoo- 
^ ductor package. 

In yet another mounting structure for one or more semi- 
conductor devices according to the invention, the melting 
point of the solder connecting said wiring board and the 
package bearing substrate arranged on said wiring board is 
the same as that of the solder connecting said package 
bearing substrate and said semiconductor package. 

In another mounting structure for one or more semicon 
ductor devices according to the invention, the melting point 
of ihe solder connecting said wiring board and the package 
65 bearing substrate arranged on said wiring board is higher 
than that of the solder connecting said package bearing 
substrate and said semiconductor package. 
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BRIl* DESCRIPTION OFTHti DRAWINGS 

Other features and advantages of the present invention 
will become more apparent from the following detailed 
description when taken in conjunction with the accompa- 
nying drawings, in which: 

FIG. 1 shows a cross-sect tonal view of a first preferred 
embodiment of the invention; 

FIGS. 2 A and 2B show cross-sect ional views illustrating 
aspects of a manufacturing method for the first preferred 
embodiment of the invention; 

HGS. 3A to 3C shows cross-sectional views illustrating, 
other aspects of the manufacturing method for the first 
embodiment of the invention; 

FIGS. 4 A to 4C are cross-sectional views illustrating 
further aspects of the manufacturing method for the first 
embodiment of the invention; 

FIG. 5 shows a cross-sectional view of a second preferred 
embodiment of the invention; 

FIG. 6 shows a cross-sectional view of a third preferred 
embodiment or the invention; and 

FIG. 7 shows a cross-sectional view of a fourth preferred 
embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Description will next be made in detail on a mounting 
structure for one or more semiconductor devices of the 
present invention, with reference to the accompanying draw- 
ings. 

Referring to FIG. 1, a first embodiment of the mounting 
structure of the invention comprises a semiconductor pack- 
age 10 including a semiconductor device 1; a package 
bearing substrate 6 for mounting the semiconductor package 
10; solder pieces 5 for electrically and mechanically con- 
necting I he semiconductor package 10 and the package 
bearing substrate 6; a wiring board 9 for mounting the 
package bearing substrate 6; solder pieces 8 for electrically 
and mechanically connecting the package bearing substrate 
6 and the wiring board 9; and an under-fill 7 filling the gap 
between the package bearing substrate 6 and the wiring 
board 9. 

If the external dimeasions of the package bearing sub- 
strate 6 are 30 mmx30 mm and the spacing between adjoin- 
ing pads 15 on the lower surface of the package bearing 
substrate 6 is I mm, about 900 pads 15 can be arranged in 
a grid pattern. Pads 16 arranged on the upper surface of the 
wiring board are disposed in positions matching the pads 15 
on the lower surface of the package bearing substrate 6, and 
the pads 16 on the upper surface or the wiring board 9 and 
the pads 15 on the lower surface of the package bearing 
substrate 6 are connected to each other by the solder pieces 
8. Where a common printed circuit board is used as wiring 
board 9 and a ceramic material is used for the package 
bearing substrate 6, stresses due to a difference in thermal 
expansion coefficient arise in the soldered parts and the 
padded parts. While the thermal expansion coeflicienl of I he 
printed circuit board is 20 to 30 ppm, thai of a ceramic 
material, for instance alumina, is about 7 ppm, resulting in 
a wide difference in thermal expansion coefficient, that of 
the printed circuit board being three to lour limes as high as 
that of alumina. If the temperature varies, the two will 
expand or contract differently, and this difference will give 
rise to concentrated stresses in the soldered parts and the 
padded parts These stresses would invite cracks in solder or 
cause pads to come off, possibly resulting in electrical 
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openness. To avoid this problem, the gap between the 
package bearing substrate 6 and the wiring board 9 is tilled 
with the under-fill 7 of, for instance epoxy resin, to fix them 
firmly together 'ltie under-fill 7 serves lo disperse the 
s stresses caused by the difference in thermal expansion, 
making it possible to prevent the soldered parts from crack- 
ing and the pads from coming off. 

FIG. 2A is a cross -sectional view illustrating the semi- 
conductor package 10 and the package bearing substrate 6 
io fitted on the wiring board 9. As shown in FIG. 2A T the 
semiconductor package 10 mounted on the package bearing 
substrate 6 is a ball grid array <BGA) type package having 
solder bumps 51 as external terminals. On the circuit plane 
of the lower surface of the semiconductor device 1 are 
15 arranged pads U in either a grid pattern or near the periph- 
ery. The semiconductor device I is mounted on a carrier 
substrate 4 having on its upper surface puds 12 arranged in 
the same manner as the pads 11. The pads 11 of the 
semiconductor device I and the pads 12 on the upper surface 
:o of the carrier substrate 4 are connected with solder pieces 2, 
and the gap between the semiconductor device 1 and the 
carrier substrate 4 is filled with an under-fill 3. If the external 
dimensions of the semiconductor device 1 are 15 mmxL3 
mm and the spacing between adjoining pads II of the 
25 semiconductor device 1 is 0.5 mm, about 900 pads U can be 
arranged in a grid pattern. The pads 12 on the upper surface 
of the carrier substrate 4 are arranged in the same manner as 
the pads II of the semiconductor device I are. Ifie external 
dimensions of the carrier substrate arc 30 mmx30 mm, and 
30 ^00 pads 13 are arranged on the lower surface of the carrier 
substrate 4 at 1 mm intervals in a grid pattern as the pads 14 
on the upper surface of said package bearing substrate 6 are. 
The padis 12 on the upper surface and the pads 13 on the 
lower surface, both of the carrier substrate 4, are connected 
35 to each other as desired by wiring in inner and outer layers 
of the carrier substrate 4. As the extremely narrow 0.5 mm 
spacing of the pads 12 on the upper surface of the carrier 
substrate 4 makes it difficult to manufacture this substrate 
out of a usual Ihrough-hole type printed circuit board, it is 
40 desirable to use a ceramic material, such as alumina, tor the 
carrier substrate 4. The semiconductor device I is made of 
silicon, whose thermal expansion coefficient is about 3 ppm. 
On the other hand, if the carrier substrate 4 ts made of 
alumina, its thermal expansion coefficient is about 7 ppm. As 
45 stated above, this difference in thermal expansion coefficient 
between the semiconductor device 1 and the carrier substrate 
4 will give rise to concentrated stresses in the soldered parts 
and the padded parts connecting them, and might invite 
cracks in solder or cause pads to come off. To avoid this 
50 problem, the gap between the semiconductor device 1 and 
the carrier substrate 4 is filled with the under-fill 3 to 
disperse the stresses caused by the difference in thermal 
expansion, making it possible lo secure the connection 
reliability of the junction. The under-fill 3, which may 
55 consist of epoxy resin or the like, also serves to protect the 
circuit surface of the semiconductor device 1. 

HG. 2B is a cross-sectional view illustrating a configu- 
ration in which the semiconductor package 10 is arranged on 
the wiring board 9. The exlernal shape of the carrier snh- 
e>0 strate 4 of the semiconductor package 10 and that of the 
package bearing substrate 6 are substantially the same, and 
the arrangement of the pads 13 on the lower surface of the 
carrier substrate 4 of the semiconductor package 10 and that 
of the pads 14 on the upper surface of said package bearing 
f>5 substrate 6 are the same, the pads 13 and 14 being electri- 
cally and mechanically connected to each other by the solder 
pieces 5. Even if the carrier substrate 4 and the package 
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bearing substrate 6 differ in external shape, there will be no 
problem if the pads 13 and the pads 14 are arranged in the 
same manner. The material of the carrier substrate 4 should 
be the same as that of the package bearing substrate 6. For 
instance, if alumina is used for (he carrier substrate 4, the 
package bearing substrate 6 should also be made of alumina. 
By using the same material for the carrier substrate 4 and the 
package bearing substrate 6, the difference in thermal expan- 
sion coefficient between the carrier substrate 4 and the 
package bearing substrate 6 can be reduced to zero, and 
concentrated stresses invited by any temperature variation in 
the solder pieces 5 and the pads 13 and 14 can be brought 
infinitely close to zero. Accordingly, connection reliability 
can be secured without having to fill the gap between the 
carrier substrate 4 and the package bearing substrate 6 with 
an under-filling material as stated above. 

Although il was slated that the same material should be 
used for the carrier substrate 4 and the package bearing 
substrate 6, il the difference in thermal expansion coefficient 
between the carrier substrate 4 and the package bearing 
substrate 6 is not more than 50% of the thermal expansion 
coefficient of the carrier substrate 4, there will be no great 
enough stresses working on the solder pieces 5 and the pads 
13 and 14 to create a problem. Examples of materials to be 
used include glass ceramic, whose thermal expansion coef- 
ficient is about 5 ppm, for the carrier substrate 4, and 
alumina ceramic, about 7 ppm in thermal expansion 
coefficient, for the package bearing substrate 6. 

In the event that the semiconductor device I runs into 
trouble, the semiconductor package 10 will have to be . 0 
replaced. Whereas the replacement would require heating 
until the solder pieces 5, connecting the pads 13 of the 
carrier substrate 4 and the pads 14 of the package bearing 
substrate 6, are melted, the solder pieces 2 connecting the 
semiconductor device 1 and the carrier substrate 4, if I hey 55 
have the same melting point as the solder pieces 5, will also 
be melted then, but the semiconductor device 1 and the 
carrier substrate 4, as they are stuck together by the under-fill 
3, will not separate from each other. Similarly, the solder 
pieces 8 connecting the package bearing substrate 6 and the 40 
wiring board 9, if they have the same melting point as the 
solder pieces 5, will also be melted then, but the wiring 
board 9 and the package bearing substrate 6, as I hey are 
stuck together by the under-fill 7, will not separate from each 
other. Therefore, the semiconductor package 10 can be 45 
readily replaced by melting the solder pieces 5. The solder 
for use in connecting the carrier substrate 4 and the package 
bearing substrate 6 may be eutectic solder consisting, for 
instance, of Sn and Pb in a 63/37 weight ratio, and similarly 
eutectic solder is used for the solder pieces 2 and 8. If a 50 
solder having a higher melting point than that for the solder 
pieces 5, for example one of Sn and Pb in a 10/90 weight 
ratio, is used for the solder pieces 2 and 8, only the solder 
pieces 5 connecting the carrier substrate 4 and the package 
bearing substrate 6 can be melted when the semiconductor „ 
package 10 is to be replaced, without melting the solder 
pieces 2 connecting the semiconductor device 1 and the 
carrier substrate 4 or the solder pieces 8 connecting the 
package bearing substrate 6 and the wiring board 9. 

Next will be described in detail a manufacturing method 
for the mounting structure for semiconductor devices 
according to the invention with reference to accompanying 
drawings. 

First will be described a step to lit the package bearing 
substrate 6 onto the wiring board 9. t>> 

Referring to FIG 3A, solder bumps 81 are provided over 
the pads 15 on the lower surface of the package bearing 
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substrate 6. One way to provide the solder bumps 81 is to 
supply cream solder onto the pads 15 of the package bearing 
substrate 6 by screen printing, and perform heated refiowing, 
i.e. healing the cream solder at 210° C. if it is eutectic solder 
5 of Sn and Pb in a 63/37 weight ratio. The cream solder will 
then be melted to form the hemispherical solder bumps 81. 
Another way is to arrange solder balls, so shaped in advance, 
over the pads 15 and subject them to heated refiowing 
Where the space between adjoining pads 15 on the package 
io bearing substrate 6 is 1 mm, the pads 15 should desirably be 
spherical, measuring about 0.5 mm in diameter, and the 
height of the solder bumps 81 should preferably be 0.5 f o 0.7 
mm approximately. 

Next, the pads 16 on the wiring board 9 and the solder 
bumps 81 on the package bearing substrate 6 are aligned to 
overlap each other and subjected to heated refiowing so that, 
as illustrated in FIG. 3B, the pads 15 of the package bearing 
substrate 6 and the pads 16 of the wiring board 9 are 
electrically and mechanically connected to each other by the 
-t> solder pieces 8. The size of the pads 16 on the wiring board 
9 should preferably be substantially equal to that of the pads 
15 of the package bearing substrate 9. A gap of about 0.5 mm 
is secured between the package bearing substrate 6 and the 
wiring board 9 by the surface tension of the solder pieces 8. 
s The next step is that of filling the gap between the package 
bearing substrate 6 and the wiring board 9 with the under-hTi 
7 as shown in FIG. 3C. The under-fill 7 is injected from the 
periphery of the package bearing substrate 6. The under-lill 
7 should consist of thermosetting epoxy resin or the tike, and 
desirably be supplied from one side or two adjoining sides 
of the package bearing substrate 6 to prevent any void from 
occurring in the gap between the package bearing substrate 
6 and the wiring board 9. The under-fill 7 is injected with a 
dispenser, and the injected under-fill 7 permeates the gap 
between the package bearing substrate 6 and the wiring 
board 9 by capillary action. When the gap between the 
package bearing substrate 6 and the wiring board 9 is 
completely tilled with the under-fill 1~ uSe under-fill 7 is 
heated to its setting temperature to be hardened. 

Next will be described a step to fabricate the semicon- 
ductor package 10. 

Referring to FIG. 4, the manufacturing method for the 
semiconductor package 10 is substantially tbc same as the 
above-described method to fit the package bearing substrate 
6 to the wiring board 9. As illustrated in FIG. 4A, first, Milder 
bumps 21 are provided in advance onto the pads 11 of the 
semiconductor device 1. Where the spacing between adjoin- 
ing pads 11 of the semiconductor device 1 is as fine as 0.5 
mm, it is difficult to apply a cream solder printing method, 
and accordingly it is desirable to supply solder balls so 
shaped in advance I*he solder balls are arranged over the 
pads 11, and subjected to heated refiowing at, for instance, 
210° C. if they are made of eutectic solder of Sn and Pb in 
a 63/37 weight ratio, to thereby form the solder bumps 21. 

Next, the pads 12 on the upper surface of the carrier 
substrate 4 and the solder bumps 21 on die semiconductor 
device 1 are aligned to overlap each other and subjected to 
heated refiowing so that, as illustrated in FIG. 4B, the pads 
tyQ 11 of the semiconductor device 1 and the pads 12 of the 
carrier substrate 4 are electrically and mechanically con- 
nected to each other by the solder pieces 2 The size of the 
pads 11 of the semiconductor device 1 should preferably be 
substantially equal to that of the pads 12 of the carrier 
substrate 4. 

The next step is thai of filling the gap between the 
semiconductor device 1 and the carrier substrate 4 with the 
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under-fill 3 as shown in HO. 4t\ The under fill 3, which 
consists of thermosetting epoxy resin or the like as the 
aforementioned under-fill 7 does, should desirably be sup- 
plied from one side or two adjoining sides of the semicon- 
ductor device 1 with a dispenser to prevent any void from 
occurring in the gap between the semiconductor device I 
and the carrier substrate 4. When the gap between the 
.semiconductor device I and the carrier substrate 4 is com- 
pletely filled with the under-fill 3, the under-fill 3 is heated 
to its setting temperature to be hardened. 

Next will be described a step to fit the semiconductor 
package 10 onto the package bearing substrate 6 fitted on the 
wiring board 9 

Referring to FIG. 2A, solder bumps 51 are provided over 
The pads 13 on the lower surface of the carrier substrate 4 of 
the semiconductor package 10. One way to provide the 
solder bumps 51 is lo supply cream solder onto the pads 13 
of the carrier substrate 4 by screen printing, and perform 
heated reflowing, i.e. heating the cream solder at 210° C if 
it is eutectic solder of Sn and Pb in a 63/37 weight ratio. The 
cream solder will then be melted to form the hemispherical 
solder bumps 51. Another way is to arrange solder balls, so 
shaped in advance, over the pads 13 and subject them to 
heated reflowing. Where the space between adjoining pads 
13 on the carrier substrate 4 is 1 mm, the pads 13 should - 
desirably be spherical, measuring about 0.5 mm in diameter, 
and the height of the solder bumps 51 should preferably be 
0.5 to 0.7 mm approximately. 

Next, the pads 14 on the package bearing substrate 6 and ^ 
the solder bumps 51 on the carrier substrate 4 are aligned to 
overlap each other and subjected to heated reflowing so that, 
as illustrated in FIG. 2B, the pads 13 of the carrier substrate 
4 and the pads 14 of the package bearing substrate 6 are 
electrically and mechanically connected to each other by the 
solder pieces 5. The size of the pads 14 on the package 
bearing substrate 6, too, should preferably be substantially 
equal to that of the pads 13 of the carrier substrate 4, A gap 
of about 0.5 mm is secured between the carrier substrate 4 
and the package bearing substrate 6 by the surface tension of 
the solder pieces 5. This completes the step to fit the 
semiconductor package 10 onto the package bearing sub- 
strate 6 fitted on the wiring board 9. 

Next will be described with reference to a drawing a 
second preferred embodiment of the present invention, 4S 
which is characteristic in that a plurality of package bearing 
substrates are arranged on a wiring board. In other aspects 
of the configuration, it is the same as the first embodiment. 

Referring to FIG. 5, a plurality of package bearing sub- 
strates 6 arc arranged on a wiring board 91 and, as in the first 50 
embodiment, pads 15 on the lower surface of each package 
bearing suhstralc 6 are electrically and mechanically con 
necteel to pads 161 of the wiring board 91 by solder pieces 
82, with the gaps between the package bearing substrates 6 
and the wiring board 91 being filled with under-fills 71. Onto „ 
each of the package bearing substrates 6 is electrically and 
mechanically connected one semiconductor package 10 with 
solder pieces 52. 

Next will be described with reference to a drawing a third 
preferred embodiment of the present invention, which is 60 
characteristic in that a plurality of semiconductor packages 
are mounted on a package bearing substrate on a wiring 
board. In other aspects of the configuration, it is the same as 
the first embodiment 

Referring to FIG. 6, onto a package bearing substrate 61 65 
on a wiring board 92, a plurality of semiconductor packages 
10 are electrically and mechanically connected by solder 
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pieces 53. Pads 141 on ihe package bearing substrate 61 are 
arranged so that pads 13 of the plurality ol semiconductor 
packages 10 match them, and pads 151 on the lower surface 
of the package bearing substrate 61 and pads 162 on the 
+ wiring board 92 are electrically and mechanically connected 
by solder pieces 83, and the gap between (he package 
bearing substrate 61 and the wiring board 92 is filled with an 
under-fill 72 to disperse stresses working on soldered parts 
and padded parts as described above. However, where the 
thermal expansion coefficient of the package bearing sub- 
In strate 61 greatly differs from that of the wiring board 92, for 
instance where the package bearing substrate 61 is made ot 
alumina and a printed circuit board is used as wiring board 
92, if the external dimensions of the package bearing sub- 
strate 61 are too great, the stresses will become too severe 
15 to be eased by the under-fill 72, possibly causing the 
under-fill itself to become cracked or come off. Therefore the 
external dimensions of the package bearing substrate 61 
should desirably be at most about 50 mmxSO mm. 

Next will be described with reference to a drawing a 
fourth preferred embodiment of the present invention, which 
is characteristic in that a plurality of package bearing 
substrates are mounted on a wiring board, and a plurality of 
semiconductor packages are mounted on each of said pack- 
age bearing substrates In other aspects of the configuration, 
it is the same as the first embodiment. 

Referring to FIG. 7, a plurality of package bearing sub- 
strates 61 are arranged on a wiring board 93, and the wiring 
board 93 and the package bearing substrates 61 are electri- 
cally and mechanically connected by solder pieces 84, with 
the gaps between the wiring board 93 and the package 
bearing substrates 61 being filled with under-fills 73- On (he 
package bearing substrates 61 are mounted a plurality of 
semiconductor packages 10 in the same configuration as in 
the third preferred embodiment of the invention. 

As is evident from the foregoing description, according to 
the present invention, a semiconductor package(s) is (are) 
mounted by soldering onto a package bearing substrate(s) 
arranged on a wiring board connected by soldering, with the 
gap<s) between thera filled with an under-fill(s), and the 
carrier substrate of the semiconductor package(s) and said 
package bearing substratc(s) are substantially equal or close 
to each other, with the result that the semiconductor package 
(s) can be mounted onto the package bearing substrates) by 
direct soldering. It is made possible to arrange soldered 
terminals at fine spacing, and thereby enable a high density 
multi-pin mounting structure to be realized. 

Furthermore, as said semiconductor package(s) is (are) 
connected onto said package bearing substrate(s) only by 
soldering, the semiconductor packagers) can be readily 
replaced. 

What is claimed is: 

1. A mounting structure for one or more semiconductor 
devices comprising: 

a wiring board having at least one semiconductor package 
mounted thereon, said semiconductor package includ- 
ing at least one semiconductor device; 
a package bearing substrate whose external size is sub- 
stantially equal lo or larger than that of said semicon- 
ductor package and which has first electrodes for 
connection to said semiconductor package on its upper 
surface and second electrodes for connection to said 
wiring board on its lower surface, 
solder pieces for connecting third electrodes of said 
wiring board and said second electrodes on the lower 
surface of said package bearing substrate, respectively; 
and 



5,973,930 



10 



an under- lilting material which fills a gap between said 
wiring board and said package bearing substrate; 

wherein the thermal expansion coefficient of said package 
bearing substrate arranged on said wiring board is 
substantially equal to that of said semiconductor pack- 
age. 

2. A mounting structure as claimed in claim l, wherein a 
plurality of package bearing substrates are mounted on said 
wiring board. 

3. A mounting structure as claimed in claim L, wherein 
one said semiconductor package is connected onto one 
package bearing substrate on said wiring board by soldering. 

4. A mounting structure as claimed in claim 1 T wherein a 
plurality of package bearing substrates are arranged on said 
wiring board, and one said semiconductor package is con- 
nected to one package bearing substrate by soldering. 

5. A mounting structure as claimed in claim 1, wherein a 
plurality of said semiconductor packages are connected to 
one package hearing substrate on said wiring board by 
soldering. 

6. A mounting structure as claimed in claim 1, wherein a 
plurality of package bearing substrates are arranged on said 



wiring board, and a plurality of said semiconductor pack- 
ages are connected to one package bearing substrate by 
soldering. 

7. A mounting structure as claimed in claim 3, wherein the 
difference between the thermal expansion coefficient of the 
package bearing substrate arranged on said wiring board and 
that of said semiconductor package is not more than 50% of 
the thermal expansion coefficient of said semiconductor 
package. 

8. A mounting structure as claimed in claim 3, wherein the 
melting point of the solder connecting said wiring board and 
the package bearing substrate arranged on said wiring board 
is equal to that of the solder connecting said package bearing 
substrate and said semiconductor package. 

9. A mounting structure as claimed in claim 3, wherein the 
melting point of the solder connecting said wiring board and 
the package bearing substrate arranged on said wiring board 
is higher than that of the solder connecting said package 

» bearing substrate and said semiconductor package. 



